Relative travel-time residuals of 224 earthquakes and nuclear explosions at distances from 20" t o 100" were calculated for 100 European seismic stations using the Jeffreys-Bullen tables. The P residuals were corrected for the Earth's ellipticity, altitude of the stations, as well as the thickness of sediments and crust, taking into consideration the velocities and Moho relief determined by DSS measurements. Other effects than those arising from deep-seated structures in the uppermost mantle beneath the stations were minimized by subtracting the average delays calculated for each event at 15 basic stations, uniformly covering the investigated territory. Spatial variations of these normalized residuals, as large as 2 s, were derived from events in different focal regions. An average residual at each station was calculated from 23 selected groups, compiled from 181 events evenly distributed as to their azimuths and distances. The 3-D inversion o f the residuals yielded very much the same picture of the relatively high-and low-velocity provinces for the upper layer o f the mantle as compared with the map of average residuals.
Introduction
One of t h e seismological methods of determining the deep structure o f continents consists in comparing the observed P-wave travel times with the travel times calculated for a standard earth model. The observed differences, P residuals, cleared to a large extent of the effects o f various source regions and deep mantle paths, reflect the composition and physical state of the crust and upper mantle beneath an array of seismic stations. The residuals show worldwide regional variations (Herrin & Taggart 1965; Cleary & Hales 1966; Poupinet 1979) and an azimuthal dependence (Ritsenia 1959; Bolt & Nuttli 1966; Rakes 1980 : Baer 1980 . Both phenomena are mostly explained by lateral velocity inhomogeneities and low-velocity layers (e.g. Scarpa 1983) .
In this study, we present a method and some results of a detailed analysis of spatial variations of P residuals at Central European seismic stations, in order t o obtain information about variations of relative P velocities within the uppermost mantle in dependence on azimuth and angle o f incidence of waves arriving at the Mohorovicic' discontinuity. Some authors attribute variations in P residuals mainly to different crustal thicknesses and to effects o f sediments. The residual variations we observed both for the spatially averaged residuals and for residuals corresponding to different directions, are so large that their causes have to be looked for in the upper mantle. In our approach, we remove the effects of the crust in order to extract structural information from the uppermost mantle. This paper describes the processing of the data and brings a brief summary of the observations and the 3-D inversion of the residuals; their analysis and consequent tectonic implications are presented elsewhere ( B a b u k i , Plomerova & Sileny 1984). 
Material
The investigated territory is shown in a tectonic sketch map (Fig. I) . It ranges t-rom the Massif Central t o the Ukrainian Shield in the W-E direction and from the Baltic Sea to the northern parts of the Apennines and Dinarides. About 100 stations were operating in this part of Europe between 1973 and 1979 , and sending their data regularly to the International Seismological Centre. Except for two stations (GFU and MZA), the P arrivals published in the ISC Bulletins were used as the source of the data. Although the stations are not evenly distributed over the whole territory, especially over its eastern parts, they cover most of the tectonic units fairly well.
A set of 224 earthquakes and nuclear explosions at epicentral distance of 20" (with respect to the approximate centre of the array at PRA) to 100" (calculated for each station) provided 1 1 750 P arrivals for this study. A good azimuthal coverage and relatively even distribution of events as t o their epicentral distances were the main criteria for selecting these events (Fig. 2) . The data set includes shallow, intermediate and deep earthquakes. The majority of events used had an ISC body wave magnitude of 5.5 or greater and I S per cent of them had mb > 6.0.
The quality of each event was tested by the number of stations of the array which recorded an event, b y the classification of the reported P-wave onsets (e, i) and by the 90° Figure 2 . Distribution of epicentres of earthquakes (dots) and nuclear explosions (dots in circles) in the distance range 20-100". The polar projection is centred at station PRA (50.1"N, 14 .4"t). 182  214  23  I25  94  182  160  224  84  90  145  71  28  13  35  52  217  48  79   (2)   9  89  95  69  8  35  12  43  98  9  36  91  13  94  81  96  10  56  42  81  83  100  38  40  65  32  13  6  16  23  97  21  35   (3)   62  84  48  75  94  10  73  63  99  95  86  57  63  86  84  86  13  63  92  22  79  75  I 0(I  81  66 79  66  72  57  86  86  20  100  61  79  97  87  42  68  92  43  100  71  13  87  90  17  53  95  4 0  8  99  63  90  65  98  50 accuracy o f origin times. It was found that 61 of the events (27 per cent) were reported by more than 60 stations of the array and 1'91 events (85 per cent) by more than 40 stations. The quality of their onseis is expressed by the 147 events (66 per cent) for which less than 30 per cent of the stations denoted P a s emergent (e).
The quality of a single station of the array was tested by the number o f P-wave observations and by their classification ( Table 1) . We have 48 stations which have reported the P arrivals for more than 60 per cent o f the events and only 25 stations which have classified P a s emergent for more than 40 per cent of their observations.
Method
A calculation flow-chart of the P residuals relative to a standard earth model and their further processing is shown in Fig. 3 . By correcting for the sediment thickness and the crust. the I-esiduals were reduced to the Mohorovirid discontinuity and the relative (normalized) average residuals for various source regions were calculated. The spatial distribution o f the residuals provides information about the uppermost mantle structures and their orientations. 
C A L C U L A T I O N A N D P R O C E S S I N G O F R E S I D U A L S
The P residuals relative to the Jeffreys-Bullen earth model were calculated as the difference between the observed travel time (0) and the travel time calculated (C) according to the Jeffreys-Bullen tables (1 940). The corrections for the Earth's ellipticity and the station elevation were made first. The residuals at the individual stations were tested as t o their time stability throughout the investigated time intervals, and their frequency distributions at each station were constructed.
Various examples of the frequency distributions of P residuals are given in Fig. 4 . The distributions were calculated for the residual intervals of 0.2 s from -5 to 5 s, where zero is the centre of the interval from -0.1 t o 0.1 s. Different shapes of the frequency distributions and the average residuals mainly reflect the accuracy with which the stations measured the P arrivals, and the azimuthal variations of residuals due to the effects o f different geological structures beneath the stations, as well as effects originating in sources regions and in the deep mantle.
The stations with the highest accuracy of onset times and the smallest azimuthal variations of residuals have a narrow frequency distribution (e.g. station HAU in Fig. 4 ) and their average residuals usually correspond to the maximum of the distribution. Some of the stations have the whole pattern shifted to positive or negative values (e.g. DIX). An oriented structure beneath a station, an inhomogeneity in the mantle, as well as effects arising in various source regions can cause the distribution to split into two or more peaks (e.g. SAL), o r an asymmetry of its shape ( e g . LOR). In such cases the average residual does not correspond t o the maximum of the distribution and can even lie in its minimum (e.g. SAL).
The lower accuracy of the first onset times contributes to broadening the frequency distribution (e.g. CMP).
As the structure of the uppermost mantle is the main objective of this study, it is necessary t o minimize all other components of the residuals. Therefore, corrections for the structure o f the crust 6, beneath each station were introduced. To derive these corrections mainly published DSS data were used (Giese, Prodehl & Stein 1976; Beranek & Zatopek 198 1 ; Sollogub, Chekunov & Guterch 1980) . The thickness of the crust h M , average velocity Up and relief of the M-discontinuity, described by its dip (Y and strike rc/ (Table 21 , were considered in calculating the d,-corrections in dependence on the P-wave incidence angle i and azimuth 8. A complicated shape o f the M-discontinuity beneath stations PNI and UDI is also considered (Table 2 ; parameters of PNIl are used for waves arriving from azimuths o f 36-216", parameters of UDI, are used for azimuths of 271-91"). By correcting for the crust, all the residuals were reduced t o the M-discontinuity at a reference depth of 33 km. The residuals of the stations, where a greater depth of the M-discontinuity was observed, had positive 6,-corrections (&Fax = 1.3 s for station LVV) and, o n the contrary, a shallower depth of the M-discontinuity implies a negative &,-correction (Spin = -0.6 s for station BAS).
An additional correction for sediments was introduced at 20 stations situated in sedimentary basins. The thickness of the sediments hs (Ziegler 1982; Shatsky 1962 ) and the average velocity Up, used to calculate tiS(i, e), are given in Table 3 . Maximum corrections for sediments were applied at stations VKA and VIE (6rax = 0.5 s).
N O R M A L I Z A T I O N O F R E S I D U A L S
The effects arising from structural variations in the deep mantle between a station and a source region, and the effects originating in the source regions themselves, in their tectonics, namely in subduction zones, and originating in mislocations and in errors in determining the origin time, are largely eliminated by normalizing each event and then grouping them by source region, Two methods o f normalization are usually used to calculate the relative (normalized) residuals. In the first method, a reference station of a seismic array is determined and its (Aki & Richards 1980) . The former method can negatively influence the distribution of the relative residuals, if a large tectonic inhomogeneity or a conspicuous anisotropy of the P-wave velocity exists below the reference station. On the other hand, the normalization procedure of the latter method suffers from the fact that not all stations report the P arrivals for each event and.
therefore, the normalization value, obtained as an average residual, is calculated for different events from P onset times at different stations. This non-uniformity is incorrect especially when the events are grouped by source region, which is our case. and an average relative t-esidual is calculated for a group of events for each source region.
In this paper, we have modified the second method. A system of 15 basic stations was introduced and the normalization value calculated as an average of the residuals at these stations: BEO, CLL, DIX, DOU, FUR, GRF, KHC, WU, LOR, PRU, SAL, TCF, UZH, VKA, WLS (Fig. I ) . The basic stations, which belong to the best o f the array, were selected to obtain a fairly good coverage of the whole area. The stations with the largest number of time-stable observations and with a narrow frequency distribution gained priority. Moreover, a uniform representation o f the main tectonic provinces was kept in mind. A residual at a station o f the basic system must not differ by more than f 1 s from the average residual of this station, calculated from all events within a particular source region which will then be used to calculate the normalized value.
Besides the normalization in which we have used the system o f 15 basic stations, we made an attempt at calculating the relative residuals for nuclear explosions from Nevada. and East and West Kazakhstan, using the three-station normalization (DOU, LOR, KHC - Fig. 1) . For all three source regions, the pattern of contour maps o f relative residuals is independent o f the system o f the normalization stations. The average differences calculated over the whole array between the residuals normalized with respect to 15 stations and those to three stations are as follows: Nevada region (A = 83", 0 = 332") 0. N = 8s) . Moreover, the relative residuals for West Kazakhstan were calculated relative to a single reference station: if DOU is used, these residuals are 0.23 f 0.01 s smaller, o n average, than the residuals normalized with respect t o 15 stations. If KHC is used as the reference station, the West Kazakhstan residuals are 0.3 s smaller than the residuals normalized with respect to 15 stations, whereas for LOR they are 0.8 s larger. These examples show that normalization by an average residual calculated from a system of 15 stations is more stable and less dependent on residual variations due t o variable azimuths and incidence angles than the normalization with respect to three stations or t o a single reference station. In the last case, moreover. the effect of the geology beneath the normalizing station may he eliminated and imprinted on all the other stations o f the array.
In order to obtain representative residuals for various azimuths and incidence angles of waves. besides the normalization, we grouped all events by source regions (Fig. 3) . The average relative residuals R,,(k = 1, . . . , 43) were then calculated at each station (i) for the k t h source region. The residuals, which differed by moi-e than 5 2 s from the weighted i-esiduals averaged over all events within a particular source region. were omitted. The residuals were weighted according to the quality of the P arrivals. The maps of average relative residuals Ri, for various source regions ?xpi-ess the directional dependence of i-esiduals on azimuths and incidence angles of waves propagating through the uppermost tnantle near the stations. These average residuals provide data for the 3-D inversion, the results of which are discussed in detail elsewhere ( B a b u h et al. 1084) .
The uppermost mantle beneath each station. regardless of the direction of arriving waves. is characterized by a single value, RY)tr (Fig. 3) . This residual was calculated as the average o f the relative residuals K i , k for selected regions ( k = 1 , . . . , 2 3 ) , evenly distributed as t o their azimuths and distances in order to have a uniform representation of all directions of wave propagation.
On the other hand, the residuals RBtS (Fig. 3) , calculated as the difference between the residuals R i k for the k t h source region and the representative residual !?p'tr o f the i t h station of the array, emphasizes their directional dependence. This dependence is expressed by the polar diagrams of RY$ (Figs 7 and 8 ) constructed for almost all station. In these diagrams, the R T f residuals are plotted in dependence on the azimuth and incidence angle o f P-waves.
T H R E E -D I M E N S I O N A L IN V E K S I O N
A method o f seismic residual inversion, giving the 3-D velocity structure beneath a seismic array, was presented by Mi, Christofferson & Husebye ( I 977). The structure in the region under study is parameterized by dividing it into rectangular blocks, lying in several layers with an assumed average velocity. The velocity fluctuations in each block are determined from the travel-time data observed in the array for many teleseismic events. The size of the blocks is determined by the density of the seismic network and by the wavelength of seismic waves, because the ray theory is used for computing the travel time. The wavefront is assumed to be a plane wave incident upon the base o f the flat layered structure, and raypaths are traced through the initially homogeneous layers assuming the validity of the Ferniat principle. The simplifying assumption was made that the entire raypath crossing a layer is assigned t o the block in this layer, in which the ray spends the majority of its time.
It was shown (Aki et al. 1977 ) that this problem reduces to solving a set o f linear equations in matrix form expressed by
where FT is the vector containing the travel-time residuals, A is the calculated travel path matrix and m is the vector containing the unknown velocity perturbations 6u/u. Since only relative residuals are used, this problem cannot be solved by classifical least-square techniques. but the method of generalized or stochastic inverse has to be employed (Backus & Gilbert 1968; Jackson 1973) where 8' is the damping parameter expressed by the ratio of the data and velocity flucuation variances a:/&.
In our inversion experiment, Central Europe is represented by a five-layer block model with layer boundaries at depths of 33, 160, 287, 413, 540 and 667 km. The average Pvelocities in these layers, 7.940, 8.335, 8.755, 9.440 and 10.230 km s-', were chosen in accordance with the Bullen model. The territory was divided into square blocks o f 2" x 2"> i. e. 13 blocks from east to west and five blocks from north to south. The observational matrix (Table 4) shows the numbers of rays crossing the individual blocks o f thc model. For good resolution, it is recommended that at least 10 rays pass through a particular block with a good azimuthal distribution (Ellsworth & Zandt 1976) . The elements o f the observational matrix themselves, given in Table 4 , satisfy this condition, however, it has t o be emphasized that every single 'ray' in our inversion calculation represents a whole set of individual rays because the events were grouped by source regions for data processing.
For testing the effect of smoothing in the stochastic inverse, a set of calculations with the damping factor 19' ranging from 50 to 200 was performed. A flat curve o f the rms velocity fluctuation versus variance improvement was obtained. The damping factor 
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W O 2 = 100 was adopted for further calculations, giving ;i variance improvement o f 24.2 per cent and a r i m velocity fluctuation equal to 1.4 . The resolution of the blocks o f the model and the standard error of determining the velocity perturbations was tested by computing the resolution and covariance matrices. Diagonal elements of these matrices of the first layer are given in Table 5 . All the elements are close to unity and, therefore, the resolution is very good. A similar pattern was obtained for deeper layers. as well, with the smallest element reaching a value of about 0.7. The numbers in brackets in Table 5 show the diagonal elements of the covariance matrix. The standard error of the velocity fluctuation foi-the well-resolved blocks in the centre of the first layer of the model was determined at a b o u t 0.7.
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The main sources of eri-or, affecting the deterniination of the relative residuals. were discussed by Engdahl. Sinndorf & Eppley (1977) and Raikes (1980) . Reading errors with unambiguous first arrivals at the seismograph network in Southern California were estimated by Raikes (1080) at 0.1 s. In case of the ISC Biillefin data, this error probably does not exceed the value of 0.1 -0.2 s for most o f the stations we have used ( Table 1) . With some of the less sensitive stations, the error is reduced by weighted averaging.
Origin time and mislocat ion effects seems to be critical for-the deterniination of residuals. Since a suite of raypaths from each teleseismic event is almost common to stations o f a particuI;ir part o f the network and the system of 15 high-quality stations was used for the mi-malization, this procedure eliminates most o f the origin time and mislocation effects, as well as most of the effects arising from the structure of source regions and inhomogeneities within the deep mantle. The grouping o f events within the individual soul-ce regions further helps in reducing the errors originating in the structure o f focal zones, in determining the time origin and location events.
Effects o f variable depths of events on the residuals were studied foi-four source regions: Alaska-Aleutians, the Kuriles, Japan and Ryuku-Philippines. It was found that the nornialization with respect to 15 basic stations completely removes the differences in distributions of residuals o f deep, intermediate-depth and shallow events.
Another group o f possible errors is related to corrections which we introduced t o eliminate the effects of different station elevations, crustal thickness arid, at some stations, also the occurrence of unconsolidated sediments, The station elevation correction is based on the assumption that the near-surface velocity is 5 km s-'. The actual velocity below the stations cannot differ much from this value because special corrections are introduced for stations underlain by unconsolidated sediments (Table 3) . Therefore, for most stations the error arising from the station elevation corrections does not exceed 0. I s, as also stated by Raikes (1Y80) for southern California.
The corrections f o r sediments were applied at 20 stations. The thickness of sedimentary layers ranges from 0.5 to 5 km and the velocity estimates from 3.5 to 4.5 kni s-' (Table 3) . However, any error in these estimates does not affect the applied corrections substantially, for example, a change in velocity from 3.5 t o 4.0 km s-' over a path of 5 km creates a difference o f less than 0.2 s, and error of 1 kni over a 5 km path results in a difference of 0.1 s.
The important corrections are related to the thickness of the crust and P velocities determined by DSS measurements. The residuals were reduced to the M-discontinuity at the standard depth hM = 33 km by subtracting the travel time corresponding to a raypath within the actual crust beneath a station, assuming varying crustal P velocity and undulations of the M-discontinuity. The average crustal velocity beneath the stations ranged from 5.8 to 6.3 kni s-', the depth of the M-discontinuity from 20 to 6 0 k m and its dip from 0" to 17". However, any error arising from incorrect velocity values and the listed geometrical parameters of the M-discontinuity (Table 2) is not essential: for example. a change in velocity from 6.0 to 6.3 km s-l (i.e. 5 per cent) causes an error in determining this correction o f less than 0.3 s, and a variation in depth of the M-discontinuity of 3 km is reflected in this correction only by a change of about 0.1 s.
Travel-time residuals were also calculated for all events by comparison with the Herrin tables (Herrin & Taggart 1968) . The observed differences between the residuals averaged over the whole space and calculated according to the Jeffreys--Bullen (1940) and Herrin (1068) tables can be neglected as they do not exceed the error o f the avei-age residual at a single station.
By reducing the residuals fi-om the Earth's surface to the M-discontinuity along a i-aypath. the position of a point, to which the reduced value of the residual is assigned. is laterally shifted from the vertical projection of a station on to the M-discontinuity. The greater it$ depth and the smaller the epicentral distance, the larger the shift. In our configuration. the values of the shifts for the nearest focal regions. e.g. for Western Kazakhstan, are as large as 40 kni. In this type o f study, the error arising from neglecting this effect is n o t essential because of' the reiatively large distances between stations of the array. However, foi-further, more detailed studies in areas with a denser network of stations. this shift has to be considered.
As will be seen later on, the magnitudes of the residuals were found to be systematically higher in most cases than any error in the applied corrections and, therefore, the observed residuals should have a physical meaning, reflecting the actual variations in the structure of the upper mantle.
Results
The method of 3-D inversion, originally presented by Aki et al. (1977) , showed provinces o f high-and low-velocity blocks for the territory of Central Europe (Fig. 5) . Three low-velocity regions in the uppermost layer of the inversion correspond to the Pannonian Basin with the inner part of the West Carpathians, the North German-Polish Platform with the eastern part o f the Rhenish Massif, and t o the Po plain. The high-velocity blocks are observed in the Variscan belt o f Central Europe, in the SE part of the East European Platform and in the Alps. The relatively smaller dimension of these high-velocity inhomogeneities, shown in the map of representative average residuals (Fig. 6 ) in the Western and Eastern Alps and in the East Carpathians (which are, moreover, situated close to the periphery of the investigated territory), are not properly discriminated by our system o f 2 x 2' blocks. Nevertheless, the results are niore detailed, than the previous studies of 3-D structures by Rornanowicz (1980) and by Hovland, Gubbins & Husebye (1 98 1) and Hovland & Husebye (1 982) .
The results of the inversion for the second layer (160-287 km) can still be partly correlated with near-surface tectonics. The interpretation of velocity pel-turbations in deeper layers is not too clear. Some o f the anomalies at depths of 300-600km are even more expressive than those in layer 7,. This is rather surprising as a decrease of the lateral velocity perturbations with depth should be expected.
As will be shown further in this paper and namely in Babu5ka et al. (1984) we have observed substantial and systematic spatial variations of residuals which are interpreted by large-scale anisotropic structures. As no anisotropic model can be considered in the inversion used, the anisotropy effects originating in the subcrustal lithosphere are mapped t o deeper blocks of the layered model, where false inhomogeneities can be produced.
Since most events observed in Europe occur in the NE quadrant, a good azimuthal and distance coverage of source regions is critical for calculating the average residual ai a particular station. I n this study, we used data of 23 source regions which uniformly cover various azimuths and incidence angles of arriving wave fronts. Most stations exhibited a marked dependence of P residuals on azimuths and angles o f incidence. Fig. 7(a, b ) shows four examples of contour maps for various source regions. Only exceptionally are some provinces characterized by early arrivals (south-western rim of the East European Platform) or late arrivals (Pannonian Basin) regardless o f the direction of the incident waves. Most of the investigated territory indicates rather complicated upper-mantle structures, sensitive t o the direction o f propagation of seismic waves. For example, the main features of the northern part of the Bohemian Massif are the early arrivals for events to the north and, in its sourhern part, for events to the SSW. A similar unambiguous dependence is observed for the Rhenish Massif and the western part of the North German-Polish Platform, where differences in the relative residuals for various source regions amount to 2s. Such values are even higher than the variations in residuals with azimuths determined for southern California by Raikes (1 980).
For a more systematic investigation of residual variations in space, we constructed polar diagrams for the individual seismic stations. The construction schema and an example for station Bensberg (BNS, Rhenish Massif) is in Fig. 8 . The average residuals RF;IS (Fig. 3 ) for all source regions ( k = 1 , . . . ,43) are plotted in dependence on the azimuth and incidence angle of the arriving waves. For each diagram the residual averaged over the whole space at a station represents the zero level, and all residuals have been recalculated by subtracting this average delay.
The diagram for BNS demonstrates a consistency o f P residuals as to their space distribution: all waves coming from the north, NW and NE are fast relative t o their representative average, and those coming from the opposite directions are relatively slow. This consistency within a single diagram shows that the normalization with respect to 15 basic stations succeeded in minimizing all effects other than those generated by the structure underlying t h e stations. This structure thus has a dominating influence on the diagram pattern and its symmetry. Smaller islands o f residuals in some diagrams, which are less consistent with their surroundings, are probably caused b y small-scale inhomogeneities beneath ithe array or b y remnant effects from various source regions (subduction zones, intraplate earthquake zones and explosion sites) and inhomogeneities along raypaths through the mantle.
The diagrams typical of the individual tectonic provinces are presented in Fig. 9 . About half of all the diagrams have a relatively simple pattern showing mainly fast velocities from one side and slow velocities from the opposite, e.g. station Membach (MEM, NW part of the Rhenish Massif) which is representative of 1 1 stations in the north-western part of the German-Polish Platform and most of the Rhenish Massif. The more complicated the structure in the uppermost mantle beneath a station, the more complicated and the less symmetric the pattern of residuals. A conspicuous spatial dependence o f P delays with real differences of up to 3 s at a single station is observed at Romanian stations in the Eastern Carpathians, where lithospheric subduction still seems to be active (Fuchs er al. 1979) . A detailed discussion of the diagrams of residuals in relation to the tectonics o f Central Europe is presented in another paper (Babu&a el al. 1984) . The directions of relatively high and low velocities for all stations, which provided fairly good data for the diagrams, are schematically shown in Fig. 10 . Comparing these directions with the map of representative average residuals (Fig. 6) , we can see that, in areas which are characterized, on average, either by slow or high velocities, the diagrams of residuals reveal upper-mantle structures which are distinctly directionally dependent as t o P velocities.
Lateral extension of the areas with a similar pattern of this directional dependence, like the Moldanubian part of the Bohemian Massif, the Alpine fordeep and the northern part o f the Alps (vertically hatched in Fig. lo) , o r the NW of the German-Polish Platform and most o f the Rhenish Massif (oblique hatching in Fig. lo) , suggests the existence of large-scale, probably anisotropic structures in the uppermost mantle, which are consistent in their dips and orientations over several hundred kilonietres.
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Conclusions
After carefully processing the ISC Bullefirz P arrivals from events relatively evenly distributed as to their azimuths and distances with respect to Central European seismic stations, we observed three types of consistency in relative P residuals reduced to the M-discontinuity:
( 1 ) lateral consistency of spatially average residuals reflecting large-scale inhomogeneities and thickness variation of the lithosphere: ( 2 ) consistency of the residuals as to their space distribution at a single station reflecting orientations and complexity o f the upper-mantle structure beneath stations; (3) consistency of patterns of the residual diagrams for groups o f stations within tectonic provinces reflecting a systematic orientation and probably also a large-scale anisotropy of the uppermost mantle structure.
The combined effects of inhomogeneities and anisotropic structure show up in the spatial variations of residuals. Recognizing the anisotropy patterns can yield a new insight into the geodynamic evolution of continents.
